
86 Kepler – The Hunt for Earth-like Planets 

 On March 11, 2009, 
NASA launched the Kepler 
satellite. Its 3-year mission is to 
search 100,000 stars in the 
constellation Cygnus and detect 
earth-sized planets.  How can the 
satellite do this? 
 
 The image to the right 
shows what happens when a 
planet passes across the face of 
a distant star as viewed from 
Earth. In this case, this was the 
planet Mercury on February 25, 
2007.  

The picture was taken by the STEREO satellite. Notice that Mercury’s black disk 
has reduced the area of the sun. This means that, on Earth, the light from the sun 
dimmed slightly during the Transit of Mercury. Because Mercury was closer to Earth than 
the Sun, Mercury’s disk appears very large. If we replace Mercury with the Moon, the 
lunar disk would exactly cover the disk of the sun and we would have a total solar 
eclipse. 

Now imagine that the sun was so far away that you couldn’t see its disk at all. The 
light from the sun would STILL be dimmed slightly. The Kepler satellite will carefully 
measure the brightness of more than 100,000 stars to detect the slight changes caused 
by ‘transiting exoplanets’. 

 
Problem 1 – With a compass, draw a circle 160-millimeters in radius to represent the 
sun. If the radius of the sun is 696,000 kilometers, what is the scale of your sun disk in 
kilometers/millimeter?    
 
Problem 2 – At the scale of your drawing, what would be the radius of Earth ( R = 6,378 
km) and Jupiter (R = 71,500 km)?   
 
Problem 3 – What is the area of the sun disk in square millimeters?  
 
Problem 4 – What is the area of Earth and Jupiter in square millimeters?  
 
Problem 5 – By what percent would the area of the sun be reduced if:  A)  Earth’s disk 
were placed in front of the sun disk? B)  Jupiter’s disk were placed in front of the sun 
disk?  
 
Problem 6 – Explain why the ratio of the areas in the scale model accurately represent 
the changes in the star’s brightness when actual areas are used for the planets and star? 
 
Problem 7 – For the transit of a large planet like Jupiter, draw a graph of the percentage 
brightness of the star (vertical axis) as it changes with time (horizontal axis) during the 
transit event. Assume that the entire transit takes about 1 day from start to finish. 
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82 Answer  Key 
 

Problem 1 – With a compass, draw a circle 160-millimeters in radius to represent the 
sun. If the radius of the sun is 696,000 kilometers, what is the scale of your sun disk in 
kilometers/millimeter?   Answer: 4,350 km/mm 
 
Problem 2 – At the scale of your drawing, what would be the radius of Earth ( R = 6,378 
km) and Jupiter (R = 71,500 km)?  Answer:  1.5 mm and 16.4 mm respectively. 
 
Problem 3 – What is the area of the sun disk in square millimeters? Answer; π x (160)2 

= 80,400 mm2.  
 
Problem 4 – What is the area of Earth and Jupiter in square millimeters? Answer: Earth 
= π x (1.5)2 = 7.1 mm2.   Jupiter = π x (16.4)2 = 844.5 mm2.  
  
Problem 5 – By what percent would the area of the sun be reduced if:  A)  Earth’s disk 
were placed in front of the sun disk? B)  Jupiter’s disk were placed in front of the sun 
disk? Answer A)  100% x (7.1 mm2 / 80400 mm2 ) =  100% x 0.000088   = 0.0088 % 
B) Jupiter:   100% x (844.5 mm2 / 80400 mm2 ) =  100% x 0.011 = 1.1%. 
 
Problem 6 – Explain why the ratio of the areas in the scale model accurately represent 
the changes in the star’s brightness when actual areas are used for the planets and 
star?  Answer: 
 
Problem 7 – For the transit of a large planet like Jupiter, draw a graph of the percentage 
brightness of the star (vertical axis) as it changes with time (horizontal axis) during the 
transit event. Assume that the entire transit takes about 1 day from start to finish. 
 
Answer:  Students should note from their answer to Problem 5 that when the planet disk 
is fully on the star disk, the star’s brightness will dim from 100% to 100% - 1.1% = 
98.9%.  Students should also note that as the transit starts, the stars brightness will dim 
as more of the planet’s disk begins to cover the star’s disk. Similarly, as the planet’s disk 
reaches the edge of the star’s disk, the area covered by the planet decreases and so the 
star will gradually brighten to its former 100% level.  The figures below give an idea of 
the kinds of graphs that should be produced. The left figure is from the Hubble Space 
Telescope study of the star HD209458 and its transiting Jupiter-sized planet. 
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